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Abstract 
Traceability in analytical measurements is a key issue to ensure all measurement results are accurate, comparable and 
the products are safe for consumption. Therefore, validity of measurements can be assured when reference materials 
(RMs) are used to calibrate the equipments before the test report can be published. The role of reference materials in 
analytical process is outlined with specific example on high purity substances and validation process involved in 
quality assurance (QA). The main tasks of National Metrology Laboratory, SIRIM Berhad (NML-SIRIM) are 
reviewed including to ensure all measurement results are traceable to the international system of unit (SI), setting up 
the national primary standards and participating in international comparison organized by International Bureau of 
Weight and Measures (BIPM). Several advantages and crucial aspects for the validation of high purity organic RMs 
using quantitative nuclear magnetic resonance (qNMR) are discussed and illustrated by recent example for detection 
of lard in animal fats. 
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1. Introduction 
The analytical instruments require accurately calibration against RMs before the measurement results 
can be reported. However, the major limiting factor for the general use of RMs in food analysis 
laboratories is their restricted availability considering the huge range of possible analyte/concentration 
level/matrix combinations of the real samples to be analyzed. Currently, more that 10,000 types of 
certified reference materials (CRMs) are produced by national metrology institutes (NMIs) and 
designated agencies from developed countries around the world e.g. National Institute of Science and 
Technology (NIST, USA), Institute for Reference Materials and Measurements (IRMM, Belgium), 
Laboratory of Government Chemist (LGC, UK), National Institute Metrology China (NIM), National 
Measurement Institute Australia (NMIA). A recent search in the COMAR database (www.comar.bam.de) 
showed 94 food-related RMs with certified values for elements. Among them are 19 CRMs available 
from IRMM (www.irmm.jrc.be) such as bovine liver/muscle, bread, cod muscle, haricots verts, mussel 
tissue, pig kidney, pork muscle, rye flour, skim milk powder, white cabbage, tuna fish, and wheat flour.  
However, most of the commercial reference materials may not provides enough evidence and not 
matching with real samples as required by the standard protocol. The current practice of traceability in 
Halal certification is solely to rely on the commercial reference materials without further characterize the 
source of traceability. Despite the apparently high number of reference materials, they are far from 
covering the needs for laboratories, particularly in some fields such as Halal analysis, where matrix 
effects play a very important role in the analytical procedure. Because of the overall cost of producing 
CRMs, they will never be enough matrix reference materials to cover all analytes routinely measured. In 
that respect, the strong initiative and support are important among Muslim countries to develop new 
reference materials in order to support Halal measurement services. The Halal market for products and 
services commands a value of around $2 trillion and has shown a steady growth in tandem with the 
growth of the Muslim population and increase in awareness across the globe.    
2. Role of reference materials  
2.1 Demands on food safety 
 
Food safety is more demanding due to rapid growth of globalization of world economy, especially the 
extending of food trade. The acceptance and accuracy of analytical results are essential when important 
decision have to be made. The effect of food safety on human health has become a hot topic around the 
world. The new development in food science and technology provide more opportunities and challenges 
to chemical metrology work. Various factors will drive the this demand such as assessment of safety in 
genetically-engineered foods (GMOs), biotech food and crop, identification of new food or food 
components, evaluation of impact of functional food and health food, setting limit to contamination and 
additive in food (Venkatesh, 2007, Hong & Hui, 2009, Arunachalama, Andreas, Mahwar, Ramadevid & 
Iyengar, 2006, van Schothorst & Zwietering, Ross, Bucahanan & Cole, 2009). Therefore, extending 
metrological field in food and feed analysis, studying and establishing measurement methods of higher 
order, and enhancing the quality of traceability are more critical for chemical metrology. 
 
2.2 National infrastructure 
 
Food metrology is an emerging discipline. Facing the opportunity and challenge of the development of 
food areas, NML-SRIM will continue to engage in promoting and disseminating the Chemical Metrology 
Program to fulfill the needs of accurate measurements in food, cosmetic and pharmaceutical industry 
through the following activities: 1) further improving the quality assurance system, 2) researching and 
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establishing new standard reference methods for specific property of food matrix materials and pure 
substance, 3) developing high level CRMs of food, cosmetic and pharmaceutical matrix and calibration 
solutions, and underpinning reference value assignment for PT schemes, 4) actively participating in 
international activities, strengthening international technique cooperation and communication in the field 
of Halal certification and  safety of food, cosmetic and pharmaceutical products.  
 
2.3 Complexity in food analysis 
 
The analysis of food samples with respect to chemical constituents that may be suitable for the 
characterization of food quality and food safety is still attracting increasing interest. Corresponding 
analytical results must be reliable and fit-for-purpose due to high potential importance for commercial 
and health aspects, but also due to public attention on those topics. In analytical measurements, food 
samples constitute often complex and difficult matrices with potentially important chemical species 
ranging from ultra-trace to major components. Crucial aspects of analytical methods have been developed 
and more research works will be required to characterize food samples especially for trace elements in 
rice flour (Emons, Held & Ulberth, 2006).  
 
2.4 Fitness-for-purpose 
 
Every analysis always includes a series of operations, usually from sampling via measurements to 
evaluations leading to the analytical result. This so-called “total analytical process” has to be selected and 
designed in dependence on the problem to be solved. Consequently, the quality of the final analytical 
result is also influenced by many factors. However, the objective of the analytical process is always to 
provide a result that is fit for its intended use, i.e., that has a certain “quality”. Therefore, appropriate 
methods, procedures, and practices have to be designed and applied to ensure that the end result will meet 
“fitness-for-purpose” requirements. 
  
2.5 Quality assurance and analytical process 
 
In order to achieve a good quality services and excellent for a specific activities, the appropriate levels 
of quality assurance (QA) and more specifically for quality control (QC) have to be defined. Internal QC 
measures typically include the analysis of reference materials (RMs) and measurement standards, the 
analysis of blanks and blind samples, replicate analysis, and the establishment of control charts. External 
QC is commonly performed by proficiency testing (PT) of the laboratory performance. The level of QC  
adopted must be demonstrably sufficient to ensure the validity of the results. Moreover, third-party 
assessment, namely in form of accreditation, is increasingly recognized as a structured way of 
demonstrating competence. Without underestimating the role and importance of the other QC tools, the 
following focuses on aspects for the development and application of appropriate RMs for QA/QC in food 
analysis. In line with the topic of the Halal analysis, specific examples have been chosen with respect to 
high purity substance of fatty acid in lard analysis. But it should be kept in mind that most of the QA/QC 
aspects are generic and independent of the specific chemical composition of the analyte of interest. 
     The total analytical process mentioned above can be described in a general flow chart (Fig. 1). Two 
types of RMs are indicated in this figure. RMs for calibration (often called also “measurement standards” 
or “calibrants”) are needed for the quantification step, such as the instrumental measurement of 
elementals in a digestion solution by using inductively coupled plasma-mass spectrometry (ICP-MS). 
RMs that are more adapted to the nature of the original sample to be analyzed (such as pork meat RMs, 
milk powder RMs, etc.) are called “matrix RMs”. They can also be used for method validation and QC of 
a larger part of the total analytical process, including analytical sample preparation. This is of particular 
importance for QA/QC of such complex samples as foodstuff, and matrix RMs play therefore a key role 
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in well-designed quality systems for food analysis. There are a number of papers and details text on 
various aspects of RMs has been published together with international recognised (International 
Organization for Standardization, 1993, ISO 9000, 2000, CITAC Eurachem Guide, 1988, CITAC 
Guide1,1996) definitions. 
 
 
 
      
   Fig. 1.   Flow diagram of general steps of the total analytical process. 
       
According to the definitions in ISO Guide 30 (International Organization for Standardization, 1992) and 
VIM (International Organization for Standardization, 1993), an RM is a “material or substance one or 
more of whose property values are sufficiently homogeneous and well established to be used for the 
calibration of an apparatus, the assessment of a measurement method, or for assigning values to 
materials”, whereas a certified reference material (CRM) is a “reference material accompanied by a 
certificate, one or more of whose property values are certified by a procedure which establishes its 
traceability to an accurate realization of the unit in which the property values are expressed, and for which 
each certified value is accompanied by an uncertainty at a stated level of confidence.” According to these 
definitions, CRMs form a subgroup of RMs, namely, those RMs which possess additional characteristics-
a certificate and traceable assigned values with an uncertainty statement. But there is still considerable 
confusion about terminology for various types of RMs. A systematic classification based on a strict 
separation between RM characteristics and uses has been recently proposed (Emons, Linsinger & Gawlik, 
2004). 
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2.6 Validation process 
  
     RMs are mainly used for internal QC purposes in the analytical laboratory. During the development 
and validation of a new analytical method, CRMs allow the evaluation if correct results can be obtained 
and the reliable estimation of their uncertainties (Eurachem Guide, 1995 & Guide to the expression of 
uncertainty in measurement, 1993, Ellison, Rosslein & Williams (Edd), 2000, Magnusson, Naykki, 
Hovind & Krysell, 2004). Moreover, the formal qualification of analytical equipment used and the regular 
proof of method performance via control charts can be realized with the help of RMs. Another important 
field of application consists in the establishment of traceable results of the laboratory. However, the 
production of new CRMs according to internationally accepted guidelines, namely, ISO Guide 34 
(International Organization of Standardization, 2003) and 35 (International Organization for 
Standardization, 2005) require a significant number of studies, processing operations, measurements, , 
and evaluation s as well as considerable management efforts. The CRMs also need to accompany with 
certificate containing information about the materials used as defined in ISO Guide 31 (International 
Organization of Standardization, 2000).  External measures of analytical QC are focused nowadays on 
PT. For the verification of laboratories’ competences via such interlaboratory exercises, sufficiently 
homogeneous and at least short-term stable materials are needed. Therefore, RMs are widely applied PT 
materials. They can also serve as analytical samples in corresponding training activities. CRMs could be 
used for all the applications mentioned above and would provide an added value because they are well 
characterized and offer traceability. But various tasks such as PT or establishment of control charts can 
also be performed with noncertified RMs (increasingly called “quality control materials”, QCMs (Emons, 
Linsinger & Gawlik, 2004). 
3. Interlaboratory comparisons 
Participating in interlaboratory comparisons among national metrology institutes (NMIs) is an efficient 
path for realizing validation of methods and achieving mutual recognition for measurement results. Food 
safety has been a global concerned issue. Worldwide equivalence of food measurements is necessary for 
trade and regulatory enforcement. In recent year, Consultative Committee for Amount of Substance 
(CCQM) under the organic analysis working group (OAWG), inorganic analysis working group (IAWG) 
and electro-chemical analysis working group (EAWG) have organized a number of key comparison and 
pilot studies as well which focuses on food analysis. NML-SIRIM has been actively participating in those 
CCQM comparisons, and moreover, NML-SIRIM has been successfully participated in herbal products 
analysis as shown in Fig. 2. In order to demonstrate our capability using qNMR, we have participated in 
inter-comparison organized by BIPM for determination of aldrin purity as shown in Fig. 3. 
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Fig. 2.  Trace and essential elements in herbal ecliptae (APMP.QM.P-18) 
 
 
 
 
 
 
       
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.   Inter-comparison between mass balance and qNMR for CCQM-K55.b/CCQM-P117.b            
Aldrin 
 
A CMC is a calibration and measurement capability available to customers under normal conditions; 
(a) as published in the BIPM key comparison database (KCDB) of the CIPM MRA; or (b) as described in 
the laboratory’s scope of accreditation granted by a signatory to the ILAC Arrangement (van Schothorst, 
Zwietering, Ross, Buchanan & Cole, 2009). On the basis of related comparisons, NML-SIRIM has 
planned to conduct peer review and published our new capabilities in KCDB. 
International comparisons organized by the CCQM within the framework of the CIPM-MRA are 
providing a transparent system for NMIs to demonstrate the comparability of their measurement 
capabilities intended for the assignment of values to CRMs or measurements, thereby providing a link to 
the global measurement infrastructure. Through good performance in CCQM comparisons and in 
claiming CMCs, the reliability and comparability of measurement methods and CRMs developed by 
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NMIs are validated. At the meantime, we achieved and keep the international consistency in terms of 
chemical metrology study in the field of food analysis and other related products. 
4. Validation of high purity organic substance by qNMR  
Quantitative NMR shows many advantages over other analytical techniques with regard to 
quantification or purity determination of organic substances. The qNMR is a relative primary method: the 
signal intensity is in direct proportionality with the number of protons contributing to the resonance. The 
linearity of NMR signal intensities, robustness, and validation of experiment were discussed (Malz & 
Jancke, 2005). However, not many publications provided details discussion of the signal intensities of 
individual resonances, only a few papers mentioned the traceability  of qNMR (Al Deen, Hibbert, Hook 
& Wells, 2002, Malz & Jancke, 2006). The structure of chemical substance are therefore irrelevant. In 
addition, no significant empherical factors or unknown biases contribute to the ratio of signals. The signal 
ratio of two different protons can therefore be measured with tremendous precision and the only 
significant contribution to the measurement uncertainty is the integration of the signals. In other words, 
the direct response of a qNMR experiment is of the greatest accuracy. 
Since NMR signal intensity is fully independent of the nature of the substance, many organic 
substance could potentially serve as an internal reference for qNMR. In reality, the number of suitable 
candidates for qNMR references is rather limited, since they must conform to a series of the following 
specific requirements: only substances with a very limited number of signals and of highest organic purity 
are suitable as a qNMR reference. The candidate must be stable in solution and should not be chemically 
reactive. They should not contain residual water, since the presence of water can lead to line broadening 
or baseline distortion in many cases. The number of isochronic proton nuclei be optimum, that is, neither 
too high nor to low in relation to the molecular mass of the qNMR reference substance, since a 1:1  signal 
intensity ratio of sample and internal standard is targeted. Otherwise, the amount of substance needed for 
one measurement would be either very low (leading to bad weighing result) or too high (causing 
solubility problems). The signals of qNMR reference should not cover areas in the spectrum where most 
often the analyte signals are expected to be. The selection of new qNMR calibration standards for the 
analysis of fatty acid purity are shown in Fig. 4 and Fig. 5.  
 
 
 
Fig. 4.  1H qNMR spectrum for the purity assessment of methyl 11,14-eicosadienoate (at 5.5 ppm) with 3.5 
dinitrobenzoic acid (at 9 ppm). 
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Fig. 5.  1H qNMR spectrum for the purity assessment of methyl 11,14,17-eicosatrienoate (at 3.5 ppm) with 3,5 
dinitrobenzoic acid (at 9 ppm). 
 
       The qNMR method can detect signals spread by chemical shift, much like an ordinary NMR 
spectrum used more for determination of the structure molecules. The signal originating from two or 
more molecules in a solution can be detected simultaneously. Therefore, when this signals do not interfere 
or overlap each other, the magnitudes of these signals are directly compared. Because of this requirement 
of the internal standard (IS), qNMR requires a reference material whose structure is different from the 
analyte. As a result, the qNMR method can be transfer the property value of an IS to the others, unlike 
other analytical techniques. 
       The qNMR does not require the construction of a calibration curve independently. This makes the 
calibration process much easier than the chromatographic methods. A qNMR experiment is a non-
destructive method and the signal-to-noise ratio can be improved by signal averaging; results from 
repeatability and reproducible conditions of an identical sample can be compared in many ways when it is 
necessary. In many cases, multiple peaks are observed in a spectrum from one compound; validation of 
quantitative condition can be checked within a spectrum by comparing the peak areas of a molecule. 
       Setting up the qNMR experimental parameters requires several important points; a long relaxation 
delay; to keep all signals in the flat region of audio filter or use a wide spectral width for the experiment; 
to achieve a good signal-to-noise ratio for accurate and precise results; to chose a good IS as well as a 
good solvent.  
  
5.  Conclusions 
 
    NML-SIRIM has recently started to develop new RMs of high purity substances to support traceability 
in analytical process especially in food analysis. Our aims is to establish highly reliable certified values 
which are traceable to SI units. The uses of traceable RMs in any measurement process will contributes to 
establishment of international comparability of measurements in chemical fields. The higher the 
requirements for reliability of RMs become, the more technical improvements will be required, especially 
in determination of the purity of starting material and assessment of the stability of solutions.   
     The use of qNMR demonstrates strong signal as a primary method to support food analysis in the 
selection of suitable RMs. Its also offer new approach to validate the method for high purity assessment 
as well as to support the existing method using mass balance techniques e.g gas chromatography mass 
spectrometer, liquid chromatography mass spectrometer, inductively coupled plasma mass spectrometer, 
thermal gravimetric analyzer, Karl fisher and other available methods.  
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     This finding also could be used as a basis to assess high purity substances of fatty acid such as 11,14-
eicosadienoate and 11,14,17-eicosatrienoate for detection of lard in animal fats. Therefore, the qNMR 
will provide strong tools in the analysis of high purity substance and enable to speed up the analysis of 
Halal authentication process.  
      Traceability to the SI can be achieved by a mole-to-mole comparison between the IS and the analyte  
in one NMR measurement. The development of qNMR also will create a new traceability scheme for the 
production of SI-traceable reference materials because only a limited number of CRMs are available 
which can be used as the IS of qNMR. Therefore, the production of CRMs varieties that are demanded by 
market can be accelerated in the area of food, cosmetics and pharmaceutical especially  for Halal testing 
and certification. However, there are no such CRMs specifically prepared for use in qNMR. Thus, a good 
CRM for qNMR is needed very urgent.    
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